Background: We describe the development and evaluation of a secure Web-based system for the purpose of collaborative care called Loop. Loop assembles the team of care with the patient as an integral member of the team in a secure space.
Introduction

Overview
As the complexity of health care increases, we are recognizing the limits of current models of program-centered and specialty-centered care [1] [2] [3] . Patient-centered care and patient engagement have the potential to substantially improve outcomes in the health care system [4] [5] [6] . The penetration of Internet and mobile technologies makes it possible to envision new systems for interactive communication that follow the patient across the continuum of care. In this paper, we present aspects of the design, development, and evaluation of such a system. The system, called Loop, uses social networking principles to assemble the patient's actual team of care and include the patient as an integral member of the team for the purpose of collaborative care.
The Gap
In the United States, 84% of all health care spending in 2006 was for the 50% of the population who have one or more chronic medical conditions [7, 8] . In Canada, chronic disease contributes disproportionately to the total economic cost of illness [9, 10] . Globally, chronic disease is predicted to increase both in prevalence and complexity. "The most common chronic condition experienced by adults is multimorbidity, the coexistence of multiple chronic diseases or conditions" [11] . These are patients with complex chronic disease who require multiple health providers and have unique needs, disabilities, or functional limitations [12] . Currently, health care is organized in organizational and disease-specific silos that the patient moves across frequently and unpredictably, eliciting a broad call for transformative solutions [13, 14] . Wagner's chronic care model [15] [16] [17] , endorsed in several countries including the United States and Canada, proposes a roadmap for effective management that calls for "planned, proactive seamless care in which the clients are full participants in managing their care and are supported to do this at all points by the system" [18] . However, there are few systems to enable engagement and collaboration. Understanding the gap and potential solution grew from our team's experience, which spans diverse populations with chronic and complex care needs including home palliative care, cancer care, acute to ambulatory care transitions, adolescents and young adults with cancer (AYAC), and children with medical complexity (CMC). Lack of communication is a problem identified across all these populations; fostering communication is a key process if we are to achieve continuity of care and comanagement [19, 20] -a goal endorsed by all stakeholders [21, 22] . Comanagement, or collaborative care, requires more than a passive sharing of electronic health records (EHRs). It requires ongoing, interactive, and contextual communication among team members [1] . A report from the American Medical Informatics Association's 2013 Policy Meeting on patient-centered care highlights this: "EHRs are necessary but not sufficient to engage patients and foster improvements in the quality of care . . . health information needs to flow across the health care continuum" [6] .
The Solution: Loop
The evidence supports collaborative care as the keystone to chronic disease management, the patient and caregiver as integral partners in care, and communication as central to achieving these objectives [4, 13, 15] . We propose a solution using emerging social networking technologies: a Web-based clinical collaboration system for complex chronic disease patients. In Loop, each team of care centered on a patient, or Patient Loop, consists of the patient, the caregiver, and the health care providers (HCPs) involved in the patient's care. Each Patient Loop is a secure space partitioned from every other Patient Loop, and those with access must be involved in the patient's care and authenticated to join. While users are not provided with specific instructions, Loop is designed to encourage them to communicate questions, updates, and clarifications about care plans. Loop allows team members, including the patient, to indicate their preferences and check their understanding of the care plan. The communication is visible to the team but specific members of the team may be tagged. Therefore, in terms of types of communication there could be an exchange between patient (or caregiver) and HCP or between HCPs in the team. The purpose of Loop is for team members to arrive at care plans together and work toward a shared set of goals.
Rationale for a Web-Based Clinical Collaboration System
Several studies report the desirability, acceptability, and manageability of messaging systems focused on patient-physician communication [23] [24] [25] . Two studies evaluating patient-HCP messaging systems did not find detectable differences in the volume of communication with these systems [23, 24] . Results show participants had increased satisfaction with communication, improvement in workflow, and overall positive attitudes towards online communication [23, 24, 26] .
We conducted a search for existing systems primarily in the United States and Canada and approached vendors and groups working in the communication space [27] [28] [29] [30] . In the context of large health care organizations in the United States, communication is embedded within each organization's information technology. However, this does not work outside the confines of a large health network in the United States or in the contexts of other countries. For example in Canada, patients move across the single-payer system without the restrictions imposed by insurance providers or organizations. We studied a number of messaging tools developed for use within the confines of a hospital in a large urban center in Canada [2] . Separate development has led to multiple tools for similar functions with no reach beyond the organization. HCPs reported that tools are not integrated into their work flow, resulting in decreased efficiency and tools being used in incorrect ways [31] . We embarked on the research and development of Loop when communication tools for direct patient care were just emerging. Our literature review revealed a few communication tools with potential to extend beyond organizational boundaries; however, they are limited in a number of ways [27] [28] [29] [30] . A patient-held record (PHR) may have potential to be used as a communication tool, but existing PHRs are institutionally sponsored, limited to the institution's patients, and do not have the functionality of providing a space for HCPs to communicate for collaborative care [32, 33] . EHRs focus on transmitting medical reports as a means of communication without enabling interactive exchange. Still other tools limit communication to certain groups (eg, HCPs only) or to certain forms (eg, private one-on-one messaging) [26] . None of the tools had the integrated functionality we envisioned: a focus on communication for direct patient care in the community, a networking structure, and separate but integrated communication spaces for patients and HCPs. Recently, a handful of tools that overlap some of the functions of Loop have emerged [34] [35] [36] [37] . Our program of research on Loop, with its iterative user-driven development and its robust evaluation, contributes important learning to this emerging field of eHealth tools for care coordination.
Existing systems continue to be organization-centric and propagate a model that is minimally collaborative, excludes key players, and is ill-suited to the complexity of health care [31, 38] 
The Development of Loop
In line with existing recommendations to rigorously evaluate eHealth systems throughout all stages of their life cycles [24] , we chose a sequential plan of research following the Medical Research Council framework for complex interventions [39] . We embedded an iterative stakeholder engagement process based on user-centered design (UCD) [40, 41] and participatory design methods (Figure 1 [43, 44] . Despite these benefits, the authors report parent and HCP concern about negative emotional responses and confusion that may result from technical discussion [43, 44] and the need for "pre-rounding" or "re-rounding" away from patients and families to have uninhibited conversations [44] . Prior to the usability testing phase that is the focus of this paper, all user groups endorsed two separate communication spaces within a patient's secure space: one for the entire team including patients and caregivers and another for HCPs only. We carried this knowledge forward when creating prototypes by including an option for HCP-only communication. The perspectives on the two separate views that emerged in usability testing are the focus of this paper. [27] .
Objectives
The objectives of this paper are to present the iterative design of the separate view for HCPs within each patient's secure space and examine patient, caregiver, and HCP perspectives on this separate view. While providing feedback about the visual design of the separate view during usability testing, participants also shared perspectives about HCPs communicating with each other without patients or caregivers able to view the communication within Loop. The focus of the analysis presented in this paper is derived solely from the usability testing, and we limit our description to the usability testing phase.
Methods
Summary of Phases of Work
Our search for existing systems found none with team-based communication that included both the patient and the team of HCPs, was cross-organizational, and followed the patient across the entire health system. We used UCD methods ( Figure 1 ) to engage the final users of the product as active participants in the design process and gather user needs as product requirements [41] . Specifically, we employed the following components of UCD: (1) ethnography [45] , (2) affinity diagramming [46] , (3) cooperative prototyping [47] , (4) dramatic simulation activities [47] , (5) usability testing and prototyping [48] , and (6) pilot testing. This paper focuses on usability testing while briefly discussing the other activities for context. Usability testing followed a descriptive qualitative method [49] and content analysis, which aims to summarize the informational content of verbal and visual data [50, 51] . This analysis was reflexive and interactive throughout usability testing.
Population
We recruited a convenience sample of participants from the following populations: adult cancer, adolescents and young adults with cancer (AYAC), and children with medical complexity (CMC). We recruited patients with cancer, caregivers of patients with cancer, and HCPs representing a variety of disciplines involved in cancer care. In the CMC area, we recruited parents of CMC patients and HCPs involved in their care. We obtained relevant institutional review board approvals and informed consent from all participants.
Usability Testing and Prototyping
Usability Testing Procedure
During three rounds of usability testing in simulation labs, participants were asked to follow the think-aloud protocol while interacting with prototypes of progressing fidelity [48] . The prototypes were prepopulated with messages based on realistic patient stories and served as the foundation for participants to interact with and respond to. A facilitator provided task-oriented scenarios guiding participant interactions with the system and asked questions about participant experiences. Data were collected using screen and audio capture and by note-takers in an adjacent observation room. In addition, we tested the prototype offsite following the same simulation protocol with a different sample of patients and caregivers in their homes and HCPs in their practice settings. Offsite usability testing occurred concurrent with and in between rounds of simulation testing in labs. In all instances, participants were asked to complete a pretest survey for information on demographics and comfort with technology. Each session of usability testing involved a unique participant with the exception of one caregiver who participated in two usability testing sessions but is counted as one participant. All interviews were transcribed verbatim.
Applying Usability Testing Feedback to Prototype Development
A basic interactive prototype was created using Axure RP version 6.5. Prototyping early gave participants something to respond to when providing feedback about major design principles and required features. This set of specifications using screenshots and detailed descriptions informed the design and development of low-, medium-, and high-fidelity prototypes within cycles of usability testing as described above. A low-fidelity prototype focused on the introduction of a patient and caregiver interface and was a necessary step in the evolution to the later prototypes. The low-fidelity prototype did not evaluate separate streams in the HCP view. The interactive medium-and high-fidelity prototypes were the first instances where the usability and acceptability of HCP-only messaging could be tested (Figure 2 ). 
Qualitative Analysis of Usability Testing
The content of usability testing interviews was presented and discussed in weekly project team meetings. Consensus was achieved on design principles that were tracked in a user specification document that served as an audit trail for the process. Additionally, emerging concepts and major decisions of the team were captured in meeting notes. Interview transcripts were independently coded in NVivo version 10 (QSR International) by three reviewers, who met initially to arrive at consensus for a coding framework and continually to discuss subsequent coding application. At key points, two senior team members (AH and JS) reviewed the framework. The ongoing process of review has given the team a grounding in the data to inform further in-depth analysis focused on emerging concepts. Usability testing interview data were reviewed and selectively coded to identify participant perceptions about private messaging among HCPs and open communication with all team members including the patient and caregiver. Quotes were extracted from references coded in the preliminary categories of visibility of messages, team composition, composing a message, and medical terminology. As themes emerged, queries were run with the keywords private, conversation, confusion, and anxiety to identify any additional quotes related to open and closed communication. Through this process, two reviewers refined the initial categories into emergent themes.
Results
Population
Across all the activities, we had a convenience sample of 150 participants from the CMC, AYAC, and adult cancer populations (tables 1-4). A subset composed of 89 participants took part in usability testing. In this subset, there were 23 patients, 19 caregivers, and 47 HCPs. Results of the usability testing and its impact on development of the prototype are described together because one activity continually informed the other. With regard to access to technology, Internet penetration at home ranged from 91% to 100% across populations and user groups in this sample. Although the numbers are small in each user subgroup, the findings suggest trends: HCPs had the most use of computers and access to Internet both at work and home, and AYAC patients had the most comfort with smartphones and social media. 
Diagnosis, n (%)
--0 (0) Breast cancer --0 (0) Colorectal cancer --2 (25) Lung cancer --1 (12) Ovarian cancer 3 (20) --ALL 2 (13) --AML 1 (7) --Ewing sarcoma 1 (7) --Rhabdomyosarcoma 1 (7) --Non-Hodgkin lymphoma 2 (13) --Osteosarcoma 5 (33) -5 (62) Other 13 (87) -5 (63) Use a computer
Objective 1: Usability Testing and Prototyping
The medium-fidelity prototype was the first iteration to have interfaces for patients and caregivers in addition to the interface for HCPs (Figure 2 ). In the prototype (Figure 3 ), the HCP view was organized as two streams of messages: one with messages visible to the patient and the other to HCPs only. Each stream was given a different visual treatment, and HCPs were able to select the stream of conversation to join from this view. The patient and caregiver view had only one stream of messages. This organization caused confusion for some HCPs, who found it hard to tell whether the patient was involved in a conversation. Therefore, this design did not meet our objective of an intuitive user experience. Further analysis indicated that for HCPs the distinction was more important while composing and sending messages than while viewing messages.
In the high-fidelity prototype (Figure 4 
Objective 2: Qualitative Analysis of Usability Testing
Analysis of usability testing transcripts found that the concept of open messaging between the team and patient and caregiver was new to participants across all user groups. In both the medium-and high-fidelity prototype cycles of usability testing, the vast majority expressed the need for a separate space for HCP communication Patients, caregivers, and HCPs all believe that there are different considerations, conventions, and language governing conversations between HCPs versus those between HCPs and patients. The challenge for Loop is how to best weave these conversations in one platform, respecting the prevailing perspectives but keeping true to the aim of changing the status quo as it relates to patient engagement.
Discussion
Principal Findings
This paper describes the perspectives of patients, caregivers, and HCPs on an HCP-only communication space within a patient's secure communication space. All user groups, including patients and caregivers, support HCP-only communication. Usability testing informed the design of this partition in successive prototypes. The overall program of research has explored this core concept as well. At inception, the team had an idea that open communication, where all messages were visible to the patient and the entire professional team, would democratize communication and mitigate the hierarchies that exist in health care. Consistent with prior ethnographic work, usability testing showed that almost all end-users including patients and caregivers endorsed a separate HCP message view. The challenge in Loop is that it must serve the communication needs of all its user groups: patients, caregivers, and HCPs. Loop must be able to accommodate the different considerations that govern communication between HCPs versus communication between patients and HCPs. At the same time, it must provide the flexibility to engage patients in their plan of care. We found similar perspectives reflected in the literature. While patients want to be engaged in health care decisions, they trust their clinicians to have the knowledge and skills to arrive at and propose appropriate options for care [52] . Patients want to be engaged in the decision-making process according to their preferences for receiving communication [53] . In Loop, this preference can be accommodated within each team. Each Patient Loop is expected to be a self-regulating microenvironment based on the characteristics, context, and behavior of team members. It is expected that team agreements and roles will change and evolve over time through interactions in Loop.
Although the data from pilot testing in real-world teams will be the focus of a subsequent paper, preliminary results suggest that the majority of messages exchanged are between patients and HCPs and therefore are in the open Patient and Team view. This illustrates the need for phases of evaluation of implementation and effectiveness that we are currently conducting. Our sequential approach to evaluation is supported by two reviews of health information technology used to facilitate communication; both call for evaluation that uses methodological standards such as the Medical Research Council framework [54, 55] . Additionally, a 2015 scoping review of information and communication technology (ICT) supports our UCD approach [54] ; only 6% of 350 studies identified for inclusion evaluated usability of the tool to any degree. The authors of the review point out the need for usability testing: "This is disturbing since usability is an important factor for the acceptability of ICT by its users, and the lack of attention paid to usability in the reviewed studies indicates that there would be much to be gained from this" [54] .
Limitations
One limitation of expert and user feedback is that end-users may not know what they need until using a system in practice [56] . Additionally, end-users often have wish lists that are specific to their context, which make contradictory demands on the system and make it less usable for other end-users [57] . Therefore, we analyzed and prioritized the feedback in a group with clinical, research, development, and design representation. Usability testing in a lab or simulated setting does not allow for evaluation of how a system would be used in a real-world setting and how it fits into workflow. This will be tested in subsequent phases of our research.
The sample may be biased toward individuals who were more engaged, favorably disposed to technology, and functionally capable. We will need to address the challenge of accessibility, adoption, and scaling in the next phase of the work.
Comparison With Prior Work
We found no studies examining the issue of separate message views for patients and HCPs in a team-based communication system. In addition to the studies on patient-physician communication referenced previously [52, 53] , there is a body of literature that examines the perceived benefits and concerns associated with bedside rounds conducted in the presence of the patient and caregiver [58] . Grzyb et al [43] surveyed parents of children admitted to the neonatal intensive care unit and medical trainees who rotated through the unit to solicit views on parents being in attendance at rounds. Stickney et al [44] interviewed parents of children admitted to an intensive care unit and HCPs (nurse, residents, fellows, and attending intensive care unit physicians) about parents' and providers' goals and expectations for participation in morning rounds. Our findings echo the findings in these papers: HCPs did not like discussing unfavorable prognoses in front of parents and felt that discussion among providers was inhibited. They worried about information being misinterpreted and a "negative emotional response to unwelcome news" and felt that parents attending rounds made for longer rounds [44] . Parents had polarized views on whether they should be given bad news during rounds, felt it might be upsetting to hear health care providers express uncertainty about their child's condition or treatment [43] , and were concerned about being confused by the technical nature of the discussion [44] . Parents felt more included in their child's care when they were present for bedside rounds [44] . [54] . Loop facilitates each of these processes. Its authors further state that "shared decision making, personal information sharing, and setting up a care plan enabled by ICT seem to be relatively new" [54] .
In describing a system like Loop, it is important to address the question of feasibility. We acknowledge that the problem of poor communication is not just a technology problem. Implementing Loop requires considering the characteristics of individuals, organizations, incentives, and policies. At the individual level, HCPs fear a tsunami of electronic messages or an erosion of the rules that have traditionally governed patient and HCP communication. Evidence from prior studies and our pilot testing of Loop itself does not show the overall volume of messages to be increased with the introduction of electronic communication [23, 24] . However, there is no denying that Loop challenges the system to rethink the role of the patient and how HCPs communicate.
On the organizational and health system level, the accountability and payment incentive systems are often based on organizationally defined objectives. Coordination is not adequately compensated, posing an existential challenge to Loop. However, regardless of incentives, many HCPs spend a significant portion of their time chasing information and connecting with people to deliver safe, quality care. If Loop can save time in doing these tasks, the impact is obvious.
On a policy level, scaling Loop must consider complexities related to ownership of the system, privacy, data sharing, and regulatory approval. In a system organized in silos of funding, the method of payment for a cross-organizational tool like Loop is unclear. A broad coalition of partners is necessary for a collaborative project but difficult to translate into an effective governance and payment model.
Conclusions
The development process of Loop shows the importance of grounding eHealth systems in clinical practice and patient experiences. Only through a robust research and UCD process is it possible to identify underlying issues and constraints. The core concept of open versus private communication evolved from the initial vision for open communication to partitioning the space to create an HCP-only view based on user perspectives and the preliminary pilot testing showing that open communication is predominantly being used. This demonstrates that the next phase of a clinical trial of Loop is a critical step in validation of the UCD. In the trial, we will evaluate whether the functionalities that emerged through our approach so far translate as intended in clinical practice and patient experience of Loop.
